Introduction: The aim of this study was to compare the metabolic profiles of diabetic and non-diabetic patients with uric acid stones to understand whether preventive strategies should be tailored to reflect different causative factors.
Introduction
Uric acid stones account for about 7% of all human kidney stones and may be the result of congenital, acquired or idiopathic conditions. 1 An associated high rate of recurrence mandates concentrated efforts at identifying modifiable risk factors and developing preventive strategies.
The role of urine pH appears to be the most important factor influencing uric acid solubility and stone formation with supersaturation noted at a pH less than 6. 1 Various clinical conditions promote acidic urine, including chronic diarrhea, excessive purine intake and gouty diathesis (idiopathic low urine pH). It has been observed that non-insulin diabetics have a higher prevalence of uric acid stones, with low urine pH implicated in the pathogenesis. 2 There are some possible metabolic factors that may be responsible for this association.
Insulin resistance is the main characteristic of type II diabetes and may be associated with defects in renal ammonium production and an increase in urinary excretion of calcium. [3] [4] [5] In large epidemiological studies, body mass index (BMI) has been shown to be predictive of a higher risk of urolithiasis, although the magnitude of this effect appears to stabilize once the BMI exceeds 30. 6 With the knowledge that uric acid stones can form due to various mechanisms in diabetic patients, we compare the metabolic profiles of diabetic and non-diabetic uric acid stone formers to elucidate differences which may represent new targets for preventive therapy.
Methods
From January 2002 to December 2010, all clinical data on patients who were managed at the Metabolic Stone Clinic at St. Joseph's Hospital in London, Ontario, Canada were prospectively entered into a database. Evaluation included a thorough clinical history, 24-hour urine collection, blood chemistry, urinalysis and stone analysis. The results were retrospectively analyzed after Research Ethics Board approval from Western University. We analyzed the records of 538 patients, 68 of whom had uric acid stones of pure or mixed composition (51 males, 17 females). Of these patients, 22 were non-insulin diabetics ( A comparison of the metabolic profiles of diabetic and non-diabetic uric acid stone formers original research subgroup of these patients known to have uric acid stones were extracted and statistical analysis was performed using GraphPad Prism v.4 software (GraphPad Software Inc., La Jolla, CA). Non-categorical variables were evaluated with unpaired t-tests, while categorical variables were compared with Fisher exact testing. Patients were categorized as having diabetes mellitus if they had type I or type II diabetes listed on their medical records or if they were on hypoglycemic medication, either oral hypoglycemics and/or insulin. Stone analysis was performed using infrared spectroscopy.
Results
There were no statistically significant differences with respect to gender, age, BMI, history of gout, spontaneously passed stones, or in the number of patients treated with ureteroscopy, percutaneous nephrolithotripsy (PCNL) or extracorporeal shockwave lithotripsy (SWL) ( Table 1) . None of the patients in this cohort had undergone gastric bypass surgery. Significantly more diabetics than non-diabetics were hypertensive (64% and 30%, p = 0.02).
Although both groups had acidic urine, differences in pH were not statistically significant. Stone analysis showed that in the diabetic group, pure uric acid stones were identified in 14 patients (63%), while mixed uric acid stones containing calcium oxalate were seen in 8 (36%). In the non-diabetic group, 21 patients had pure uric acid stones (46%) and 25 had mixed uric acid (calcium oxalate and phosphate) stones (54%). Pure uric acid stones were more common in the diabetic cohort than among non-diabetics (63% vs. 46%, p = 0.16), although this did not reach statistical significance. The diabetic group had a statistically significant increase in their average oxalate excretion and a significantly higher percentage of patients had hyperoxaluria and hypernatriuria. A greater proportion of non-diabetics had hyperchloremia, as well as higher serum sodium and a tendency towards lower urinary citrate levels ( Table 2) .
Discussion
In the past 15 years, the number of cases of obesity, metabolic syndrome and diabetes mellitus has increased exponentially concurrent with an increase in the prevalence of urolithiasis. The association between the components of the metabolic syndrome and urolithiasis has been described previously by several groups. 3, 7, 8 The risk of kidney stones increases proportionally to the number of metabolic syndrome traits, such as glucose intolerance, obesity, low highdensity lipoprotein (HDL) cholesterol, high triglycerides and hypertension. 9 In a large cohort of patients with a history of kidney stones, Maalouf and colleagues demonstrated an inverse relationship between body weight and urine pH. 10 A 3-fold increase in stone incidence and higher recurrence rates have been identified among diabetics and a history of diabetes increases the baseline risk of developing kidney stones by 38% in younger women, 67% in older women and 31% in men. 11 Daudon and colleagues found that uric acid stones were more common in diabetics. They also found an increased proportion of diabetes among uric acid stone formers than in calcium stone formers. 12 Type II diabetes was also identified as the strongest factor independently associated with the formation of uric acid stones.
Rather than occurring due to a single pathophysiological mechanism, uric acid calculi in the context of diabetes is likely to be multifactorial. Insulin resistance, which is seen in association with both diabetes and the metabolic syndrome, leads to defective ammoniagenesis, which results in low urine ammonium and pH. 3 This may manifest as uric acid precipitation, pure uric acid formation and mixed uric acid/ calcium oxalate stones.
Various clinical conditions may predispose to uric acid stone formation. The physiochemical mechanisms are varied. The three most important metabolic factors influencing uric acid formation are urine pH <5.5, low urine volume and hyperuricosuria. 1 The exact role for crystal-crystal interactions of different structures, also known as epitaxy, continues to be evaluated. It is well-known that hyperuricosuria leads to elevated levels of monosodium urate which promotes calcium oxalate stones. Whether the observation of increased urinary oxalate is associated with an increase in calcium oxalate stone formation remains to be seen. Although hyperoxaluria was more common in our diabetic patients, pure uric acid stones were more frequent than the mixed uric acid/calcium oxalate stones than one might have predicted given the finding of hyperoxaluria.
Although diet has a well-recognized effect on urinary oxalate excretion, Taylor and Curhan highlighted that multiple mechanisms likely contribute in the context of diabetes. 13 This work demonstrated consistently higher urinary oxalate levels in diabetic patients, a finding that was durable despite controlling for both dietary oxalate and calcium. 13 Although the pathophysiology of this relationship has not been fully delineated, it has been proposed that increased BMI and diabetes leads to changes in the metabolism of oxalate or an increase in endogenous oxalate production. 14 Hyperoxaluria has also been identified in hypertensive non-obese stone formers, although there is no indication whether any of the patients in the series were also diabetic. 15 Whether the hyperoxaluria noted in diabetics is exacerbated by dietary modifications implemented to manage the diabetes warrants further evaluation.
A number of contemporary series have reviewed the surgical outcomes for patients with diabetes. [16] [17] [18] In a series of 183 diabetic patients who underwent percutaneous nephrolithotomy, Duvdevani and colleagues 16 found that uric acid was the most common stone composition and that these patients had a longer hospital stay than non-diabetics. Surgical time, complications and stone-free rates were not significantly different from those observed in the non-diabetic group. Although surgical results are excellent, the metabolic derangements and the risk of ongoing stone-related events for uric acid formers and diabetics require attention for effective prevention. A thorough metabolic evaluation coupled with expert nutritional advice and tailored medical therapy remain essential components of a successful treatment regimen.
Conclusion
Our results show that diabetic uric acid stone formers had significantly higher levels of urinary oxalate compared with non-diabetic uric acid stone formers. Hypertension is also more common in this group. To our knowledge, there are no previous reports of hyperoxaluria in diabetic uric acid stone formers. The exact etiological basis of this observation and the clinical implications require further evaluation to tailor appropriate preventative strategies.
